The Effect of Potassium

Dichromate Inhibitor on the

corrosion of Stainless Steels in

Sulphuric Acid Mixed with Sodium

Chloride by Loto, C. A.
Corrosion Prevent ion & Control June, 2004 
The effect of potassium 
·dichromate inhibitor on the 
co si n of stainless steel in 
sulphuric acid mixed vvith sodium 
chloride 
by Professor Cleophas A Loto and Adeyinka H A delel<e 
Ki ng Fahd University of Petroleu m and Minerals, Dhahran, Saudi Arabia 
j 
THE EFFECT OF potassium dichromate as an inorganic inhibitor on 'the corrosion b~haviour of Types 3 16 and 304 austenitic stainless steels in dilute sulphuric aCid mi~Ied wit~ sC"Ia ~um"chl~ride 
was studied at ambient temperature. The experiments were perfor med using potent ipdynamic,_ 
polarization, and this paper reports' the obser:ved electrochem i~al response:~iffer:~nt coric_~ntrations- -_ 
of the inhibitor were used. The results obtained show the effectise~cpriK~iKogi~p;mtr:o l-pedormance ---~ 
of the inhibitor at the o ptimum level of concentration for t~e wcio~pta~less -~teels K ~q-afel -a!l<:l _-"-
, polarizatien resistance techniqu~s were used to estimate the corrosion -r ate. oL:eacb .oJ t he alloy "..: 
samples tested. · 
TECH NIQUES AND METHODS to Austenitic stainless steels are frequently-efficiently combat corrosion are used alloys in this r~gardK 
continually being sought a s a result of the 
exorbitant amount spent on corrosion The austenitic stainless steels comprise a 
annually. It has been of interest to corrosion large and varied group of iron-based alloys 
·- -scr-1i.,.e-nn+ti"=s:+.t!':"S ~mnrnd-K::errnmgri-irrrKIKIeelDl1tM=pnwlDgqqrfMlnd! "DltiqiindIKe+trru Ig·:::ranirqt-qDCDlmrn-rthariinnnitmtgrl1D1U~%~or Ihore chromium and 
more knowledge about the corrosion sufficient nickel to assume a fully-
phenomenon and its cont rol, and thus -austenitic metallurgical structure. The 
appropriate and better utilization of mostcommongroupisreferredtoas"18-8" 
austenitic stainless steels, among other stainless steel (18% Cr and 8% Ni), and 
alloys. these alloys are ofmajorimportancein the 
To ensure long life, as well as dependability, 
reliability, safety, and economic viability 
of plant and industrial components, it is 
vital to make t h e appropriate selection of 
the mat erials u sed. This is absolutely 
necessary for the fabrication of equipment 
components, and for the construction of 
industrial plants for the manufacture of 
acids, chemicals, and their derivatives. 
The selection of the appropriate metal or 
alloy for a particular cor rosion service is 
therefore the most common method of 
preventing or reducing corrosion damage. 
chemical process industries. The types 304 
and 316 stainless steels used in this work 
belong to this group. In composition, 
however, type 316 consists of about 2% Mo 
to improve resistance to pitting attack by 
strengthening the passive film and 
imparting improved ,corrosion resistance 
in reducing acids [1, 2] . 
Austenitic stainless steels have a wide 
spectrum of resistance to corrosion by 
chemical envir onments . The alloys form a 
film which protects the underlying metal 
from attack in many environments. This 6/ 
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data. 
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film is very thin, essentially transparent 
and self-healing; if it i s damaged 
mechanically or chemically, it will reform 
very rapidly [3]. However, in a situation 
where the rate of damage is more than the 
rate of repair, a progressive active corrosion 
reaction will occur, which may cause 
corrosion degradation of the alloy. Such a 
phenomenon has been caused in acid 
environments containing sodium chloride. 
In this situation, additional protection for 
the stainles s steels could be economically 
beneficial, and is therefore desirable. The 
effective use of inhibitors could then be 
viable, and this is the object of the present 
investigation. 
The application of inhibitors is one of the 
means of combating corrosion in acid, 
p '"" -,- . ""''"'!;{'. K~K ' .'L:;,o •· . .-. Corrosion 
aqueous, and process-industry 
environments. An inhibitor is a substance 
which r etards a chemical reaction; thus, a 
corrosion inhibitor is a substance which, 
when added to an environment decreases 
the rate of attack by the environment on a 
metal [4]. Numerous papers have been 
published on the protective action of 
corrosion inhibitor s on metals in aqueous 
and acidic solutions [5-9]. 
Potassium dichromate as an inhibitor has 
been chosen in this work: the chemical was 
found to be effective as an inhibitor against 
corrosion of mild steel reinforcement in 
concrete [10] . It is envisaged that the 
results obtained here will be of benefit to 
industries and researchers in the field of 
corrosion and protection studies . 
Experimental techniques 
The two types of stainless steel - 88304 
and 88316 samples in cylindrical form 
(10mm dia and 10mm long) -used for 
these studies were ground and polished up 
to fine diamond ClJ.Lm), cleaned, and rinsed/ 
degreased in an ultrasonic bath using 
acetone. They were immediately kept in a 
desiccator for subsequent corrosion studies. 
Potentiodynamic experiments were 
performed using each of th e cylindrical 
specimens in turn, in which 1cm2 surface 
area of th e specimen was exposed to the 
test solution at room temperature. The 
experiments were performed u sing a 
polarization cell of a three-electrode system 
- ·~ Beta Beta Tafel 
._, 
.. 
T emn (•.G). curren t ' ·- a nodic cathodic corrosion Sa_mp}e 
.. ~ • • < jio.i J · ·· OCPQO.,.;.;,; ~K;K~I_K!P~~ ............. KKlo~~~l D""~:""-K~ ate:IKK~~::K·D; p.A/crr D~· ~~--~~~ I'.. . . . -- c .. ... . .. .. ( cm 2) • Es/de~adeF (V/decad e) (mm/yr) 
- ---
------
-
· ·lMH.so, 
-0.3098 0.2465 0.1491 0.332 
only 27.94 
1M H,SO, + 29.94 -0.3379 0.1253 0.1573 0.356 4%NaCl 
1M H,SO, + 
4%NaCl + 141.0 -0 .1766 0.5080 0.2350 1.673 0.5% 
~CrIMT Room temp. 
1M H.so, + 
4%NaCl + 13.42 -0.0502 0.4967 0.2973 0.159 1.0% 
~CrOMI 
1M H,SO, + 
4%NaCl + 121.3 -0.1649 0.4963 0.1175 1.44 2.0% 
~CrOMT 
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consisting of a reference electrode (a 
saturated calomel electrode - SCE), a 
working electrode (WE); and a counter 
electrode (CE) made of platinum mesh. 
The experiments were conducted in five 
different solutions for each stainless steel 
samples. All the chemicals used were 
prepared fr om AR-gra de · analytical 
reagent: sulphuric acid (H 2SO4), sodium 
chloride (N aCl), and potassium dichromate 
E~CrOMTF K The test environments were: 
1M H 2S04 
1M H2S04 + 4% NaCl 
1M H2S04 + 4% NaCl + 0.5% K.,Crp7 
1M H 2S04 + 4% NaCl + 1% ~CDrpT 
1M H2S04 + 4% NaCl + 2% ~CrOMT 
The polarization cell was connected to a 
potentiostat and interfaced with a 
computer for data acquisition and analysis. 
For reproducibility of results, three 
different experiments were performed for 
each of the samples under the same 
conditions; a scan rate of 2.5m V/s was 
maintained throughout the experiment. 
Tafel and polarization techniques were 
used to estimate the corrosion rate of each 
of the tested alloy samples . The 
experiments were conduct ed in turns in 
de-aerated condition using nitrogen gas. 
Results and discussion 
Type 3 16 stainless steel 
The potentiodynamic polarization curves 
" .. ,!J, ,."' " '.! •c. DCo~osion . "·" 
current 
of the type 316 austenitic stainless steel 
electrode recorded in 1M dilute H 2SO4 
containing 4% N aCl concentration with 
and without different concentrations ( 0 .5%, 
1% and 2%) of ~CrOMT as inhibitor, at 
room temperature, are presented in Figs 
1-5. The data obtained were analyzed and 
calculation made as presented in Tables1 
and2. 
Fig.1 shows the polarization corrosion 
curve of316 stainless steelindiluteH2S04 
alone. The data and the polarization curve 
show that the corrosion of the steel was 
minimal throughout the duration of the 
experiment. The corrosion rate, by Tafel 
calculation, was 0.332mm/yr, and the open 
corrosion potential was -0.3098m V. In 
general, this medium serves as the control 
for the experiment to which other results 
will be compared for this particular test 
electrode. 
The addition of N aCl solution to H 2SO4 
increased the corrosion rate (0.356mm/yr 
by Tafel calculation, and 0.568mm /yr by 
polarization resistance technique). The 
primary passive potential (E ), Fig.2, 
becomes less active when compPJred with 
the same in Fig.l. The critical current 
density (icr) and the passive current density 
(i ) increased and the passive potential pass 
range became smaller . All these 
observation indicate less corrosion 
resistance and a decrease in passivation 
characteristics . These effects are 
apparently due to the chloride ions (CI-) 
penetrating the passive film, causing film 
breakdown and initiating anodic 
.. , 
Beta Beta R 
; anodic · p. cathodic Temp(?C). corros1on pa~ple _ y LJt:;Y.•. V 'c . 
.... {30 . ,.,;;: ~rat"br · ;;•. 
(p.AI;m2) K ~-D• 
·•' 
(V/decade) . (Vfdecade) (mm/yr) 
' 
·- ·-
- TMH,'S04 
only 56.24 -0.3186 0.1 0.1 0.4908 
1MH,S04 + 60.11 -0.3388 0.1 0.1 0.5682 4%NaCl 
1MH,S04 + 
4%NaCl+ 148.22 -0.1820 0.1 0.1 1.8638 0.5% 
~CrKMT Room temp. 
1MH,S04 + 
4%NaCl + 36.46 -0.0682 0.1 0.1 0.2054 1.0% 
~CrOMT 
1MH,S04 + 
4%NaCl + 128.40 -0.1851 0.1 0.1 1.478 2.0% 
~CrIMT 
Table 
2.Polarization 
resistance 
calculation of 
the observed 
data. 63 
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1.500 dissolution of the alloy. The addition of 4% 
NaCl caused a shift in potential towards 
increasing negative values. This is an 
1.000 indication of increased active corrosion. 
The open corrosion potential (OCP) now 
--
becomes 0.3378V (Tafel) and 0.3388V E (polarization resistance). The corrosion w 
f/1 0.500 
> current (Icorr) increased to O9 K 94~mA/cmO ~ (Tafel) as compared ·with 27.94f.LmA/cm2 
~ for the sulphuric acid test medium alone. ;: 0.000 ~ 
c.. There was a complete change in the 
-0.500 
polarization curve profile when the 0.5% 
potassium dichromate inhibitor was added 
to the 1MH2SO 4 +4%NaClsolution(Fig.3). 
-1.000 
The critical current density (ic); the 
primary passives potential (E ); the 
-7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1 .0 passive current density (i ); J'i'ld the pass 
passive potential range become difficult to 
distinguish. The OCP is 0.1766V, and the 
corrosion rate (Tables 1 and 2) is 1.673mm/ 
2.000 yr (Tafel results ) and 1.8638mm/yr 
(polarization resistance calculation). The 
corrosion current became very high at 
1.500 14lKll~mA/cmO (Tafel). All these changing 
phenomena suggest, to a large extent, the 
... reduction in the corrosion resistance, the E 
w passivation characteristics, and reduction 
f/1 1.000 
> in the anodic protectibility of the alloy. 
~ The susceptibility of the alloy to corrosion jg in this test medium is, therefore, very c 0.500 
.Sl apparent. Instead of corrosion inhibition, 0 
c.. there was corrosion acceleration of the test 
electrodes. The inference, therefore, is that 
0.000 the 0.5% potassium dichromate inhibitor 
has a negative effect on the corrosion 
inhibition of type 316 stainless steel in 1M 
-0.500 H2SO + 4% N aCl solution. This result is 
-7.0 . .o:o '.-5.0 -4.0 -3.0 -2.0 -1.0 0.0 usualiy characteristic of inhibitors in 
Log Current Density (Aicm2) general: that is , the tendency to accelerate 
corrosion of alloys if the concentration of 
the inhibitor used is below the level or 
above the level (optimum level) at which 
the inhibitive effect can be achieved. 
-.r ......... KuK~ ·· D4 When the concentration of the inhibitor 
1.000 addition was changed from 0.5 to 1%, the 
same trend of the polarization curve profile 
--Jl ~· as in Fig.3 was obtained, and is presented 
f/1 o:500 in Fig.4. However, the passive potential 
> 
~ 
~ .. 
c 0.000 ~ Fig.2 (left, top). Polarization curves of 316 0 
c.. stainless steel in 1M H2S04 + 4% NaCl. 
Fig.3 (left, centre). Polarization curve of 316 
stainless steel in 1M H2SOC + 4% NaCl + 
0.5% K2 r20 7 solution. 
-1.5 Fig.4 (left, bottom). Polarization curves of 
64 
316 stainless steel in 1M H2SOC + 4% NaCl + 
1% K2 r20 7 solution. 
range is better defined than in Fig.3. In 
addition, the critical pitting potential, the 
critical current density, and the primary 
passive potential zones of the curve could 
be identified, though not distinctly. The 
OCP is -0.0502, an indication of passivity 
when compared with the test in H280 4 
alone. The corrosion rate is 0.159mm/yr 
(Tafel results) and 0 .2054mm/yr 
(polarization resistance). The corrosion 
current (leo) is 1PK4O~cmO • A clear case 
of corrosion inhibitor characteristic is 
exhibited here. The inhibitor (potassium 
dichromate) concentration at 1% addition, 
therefore, has a good inhibition 
performance in this test medium. 
The addition of 2% potassium dichromate 
solution as inhibitor to the 1M e~pl 4. and 
4% NaCl solutions (test medium) did not 
inhibit the corrosion of316 stainless steel 
but, rather, accelerated it. The corrosion 
polarization curve profile is presented in 
Fig.5. The OCP is -0.1649V and the 
corrosion rate is 1.44mm/yr (Tafel results) 
and 1.4 78mm/yr (polarization resistance 
method). This observed phenomenon is in 
agreement with inhibitor characteristic in 
which the corrosion of alloy is accelerated 
when the added inhibitor has a 
concentration more (or less) than the 
optimum level. 
Type 304 stainless steel 
The potentiodynamic polarization data for 
Type 304 austenitic stainless steel in 1M 
H 280 4 , with and without sodium chloride 
and potassium dichromate inhibitor, are 
presented in Figs 6-10. All the other 
recorded and analyzed data are shown in 
Tables 3 and 4. 
The polarization corrosion profile for the 
l 
"' > 
~ 
:! 
c 
s 
0 
ll. 
<4 
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2.000 
1.500 
1.000 
0.500 
0.000 
~KRMM 
-4.5 -3.5 
' Log Current Density (Aicm2) 
---s~ecime~ in -H;S<J;:rione"is presented-in·--+K--D---""-KKKKKolIKKK_KK_IKIKKKIKK~1 
F1g.6. W1th an OcP of -0.3922V and a 
corrosion current density, Icorr of 42.91f.Lm4/ 
cm2, the calculated corrosion rate (Tafel) is 
0.5106mm/yr and by polarization 
resistance, the corrosion rate is 0. 6911mm/ 
Fig.5 (right, top). Polarization curves of 316 
in 1M H:fi04 + 4% NaCl + 2% Kprp7 
solution. 
Fig. 6 (right, centre). Polarization curves of 
304 stainless steel in 1M H:fi04• 
Fig. 7 (right, bottom). Polarization curves of 
304 stainless steel in 1M H:fi04 + 4% NaCl 
solution. 65 
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0.100 -r------ ---------------, chloride solution was added to the 1M 
H2S04• When compared with the results 
obtained with the use of the acid alone, the 
corrosion current density (!cor) and the 
primary passive potential decreased, while 
the passive potential range becomes 
broader (Fig. 7). These observations 
indicate corrosion resistance of the steel in 
this mixed test solution. The corrosion 
rates of0.436mm/yr (Tafel) and 0.6098mm/ 
yr (polarization resistance) also confirm 
that there was less corrosion here , 
compared to Fig.6. The chloride ion (Cl:E), 
in st ead of increasing the corrosion 
susceptibility of the alloy, rather increased 
the resistance to corrosion. This result is 
in conformity with other results in other 
studies [8]. When 0 .5% potassium 
dichromate was added to the test solution 
as inhibitor, there was an acceptable 
corrosion rate. The corrosion rate increased 
from 0.436mm/yr (Tafel) and 0.6098mm/ 
yr (polarization resistance) to 0. 7913 and 
1.1294mm/yr, respectively. There was 
drastic increase in corrosion current, 
achieving a value of66.50!-LmA/cm2 (Tafel) 
and 78.43!-LmA/cm2 (polarization 
resistance). These changes also reflected 
in the polarization corrosion curve profile, 
Fig.8. It is difficult to explain this increase 
in corrosion with the addition of 0.5% 
potassium dichromate inhibitor. It is 
important to know that this inhibitor is an 
oxidizer; if used at a level not at optimum 
level, there is a tendency for the reaction to 
increase corrosion reactions as observed. 
This is a type of reaction which is 
characteristic of inhibitors when used at a 
0.000 
-0.100 
-0.700 
-0.800 
"' -0.900 +--...:,-- +-- :-:--- 1----:=----i......;;:;;.;;_.,...- +-----l 
-5.5 
Fig. B. 
Polarization 
curves of 304 
stainless steel 
in 1M e~pM4 + 
4% NaCt 
+0.5% Kp r20 7 
solution. 
Table 3. Tafel 
calculation of 
the observed 
corrosion 
data. 
-0.5 
. Cog Current Density (Aicm2) ! - : 
yr. The recorded data (Tables 3 and 4) 
show the corrosion of this steel in 1M 
H 2SO4 • The recorded corrosion rate cannot 
be described as significant. The passive 
film of the stainless steel gave some 
measure of corrosion protection. The 
polarization corrosion curve profile did 
not show a stable or defined transpassive 
region, and the passive potential range is 
not well defined, either. This could be due 
to active and passive corrosion reactions of 
this steel in the acid, in which a steady-
state corrosion phenomenon could not be 
achieved. 
A more-defined polarization corrosion 
curve profile was obtained when 4% sodium 
" 
.. 
,, . 
Corrosion 
n 'J'p.,.;n .(,or,) . current l~mk>K ~~Cllq ~ K 
(J.LA/cm 2) 
--
1M H2so. 
only 42.91 -0.3922 
lM~soK + 
4%NaCl 36.68 -0.4350 
lM~soK + 
4%NaCl + 66.51 -0.3838 0.5% 
~crpT Room temp. 
lM~soK + 
4%NaCl + 30.72 -0.1098 1.0% 
~CrOMT 
lM~soK + 
4%NaCl + 70.54 -0.3802 2.0% 
~crpT 
Beta Beta T a fel 
anodic cathodic corrosion 
•·.::;:r- {3 a ·~ ;~~ . I--~ -73 • . .• , · ··:- r-at-e·--~ 
(V/decade) Es/de~adeF (mmlyr) 
IKKIKK_y~ 
0.4593 0.1373 0.5106 
0.9910 0.1606 0.4365 
0.3118 0.1492 0.7913 
0.5420 0.2360 0.3655 
0.6032 0.1542 0.8390 
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concentration which is insufficient for 
corrosion inhibition . The corrosion 
reduction (oxidizing) process, enhanced 
by the low concentration of the inhibitor, 
could contribute to the depassivation of 
the steel's protective film for the chloride 
ions to penetrate to initiate corrosion 
reactions on the steel's surface. 
The addition of 1% potassium dichromate 
solution as inhibitor to the 1M H2SO4 and 
• 4% N aCl test medium, shifted the open 
corrosion potential (E ) to -0.1099V. The 
polarization corrosionc~;Irve profile, Fig.9, 
changed and without any particular 
definition vis-a-vis the primary passive 
' potential, the critical current density, the 
passive current density, and the passive 
potential range . The critical pitting 
potentials also become difficult to define in 
the curve profile. The recorded corrosion 
current density (Icor) decreased to 
30. TO~gKmA!cmO • The corrosion rate recorded 
for both the Tafel and polarization 
resistance calculations decreased to 
0 .3665mm/yr and 0.4330 mm/yr 
respectively in comparison with the values 
mentioned above for 0.5% inhibitor 
addition to the test medium. These 
observations show the 304 stainless steel 
electrode to have a measure of protection, 
that is, showing corrosion resistance in the 
solution, and hence improvement in 
passivation characteristics and anodic 
protectibility. The inference of these results 
is that the concentration of 1% potassium 
dichromate inhibitor additions to the acid-
chloride test solution was fairly effective 
I'< " 
•;('_;l 
. 
:~· Corrosion 
2.000 
1.500 
.... 
.. 
an 
., 1.000 
> 
~ 
! 
c 0.500 
.S! 
0 
c.. 
in inhibiting the corrosion of the steel (304 
stainless steel) in 1M H2SO4 + 4% N aCl 
solution. · 
The addition of2% potassium dichromate 
solution as inhibitor to the 1M H2SO4 and 
4% N aCl solution accelerates the corrosion 
rate from the previous values of 0.3655 
and 0.4330mm/yr to 0.839 and 1.6505mm/ 
yr, respectively (Tafel and polarization 
resistance results). This is shown in Tables 
3 and 4. It could be seen also that there was 
a change in the polarization corrosion curve 
profile, Fig.10. The open corrosion potential 
decreases negatively to the values of -
0.3802V (Tafel calculation) and -0.3843V 
Beta 
1. 
Beta ., R 
p. 
current anodic cathodic Sample Temp (•C) OCP(V) corros1on T. . 
"' f3 ·- -- 1:::~ F -· (p.A/";m2) -Es/de~adeF EsI/de~adeF 
- 1M~soK - --- - -
only 44.10 -0.4012 0.1 0.1 0.6911 
1M~soK + 45.72 -0.4480 0.1 0.1 0.6098 4%NaCl 
1M~soK + 
4%NaCl + 78.43 -0.3840 0.1 0.1 1.1294 0.5% 
~CrOMT Room temp. 
1M~soK + 
4%NaCl + 36.28 -0.1102 0.1 0.1 0.4330 1.0% 
~crpT 
1M~soK + 
4%NaCl + 84.32 -0.3842 0.1 0.1 1.6505 2.0% 
~CrOMT 
Fig.9. 
Polarization 
curves of 304 
stainless steel 
in 1M HzB04 + 
4% NaCl + 1% 
KfCr20 7 
so ution. 
Table 4. 
Polarization 
resistance 
calculation of 
the observed 
corrosion data. 67 
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0.200 -r--------------- ------. 
0.000 
1! -0.200 
w 
~ -0.400 
:e 
'E 
~ 
~ -0.600 
-0.800 
-1.000 ,+----+----+---_,1----+----+------! 
~KM 
Fig.lOPr:kuization 
curves of 304 
stainless steel 
in 1M H 2S04 .+ 
4%NaCl ±2% 
K2Cr20 .,. 
-5.0 -4.0 .,, -3.0 -2.0 . -1 .Q 0.0 
Log Current DensitY (Aicm2) 
(polarization resistance). There was a 
drastic increase in corrosion current 
density (leo ) which now achieves the values 
of0.54f.L:n{A/cm2 (Tafel) and 84.32f.LmA/cm2 
(polarization resistance). The polarization 
corrosion curve profile now resembles that 
ofFig.6, in which only 1M H 2SO4 was used. 
With these results, the concentration of 
2% potassium dichromate inhibitor did 
not inhibit corrosion reactions in the test 
medium. It could, therefore, be inferred 
that this concentration is probably more 
than the optimum level required for this 
particular test medium. 
Conclusions 
The results show that potassium 
dichromate, at the concentrations used, in 
addition to 1M H2S0 4 ± 4% N aCl has 
effective corrosion inhibition performance 
in both the two grades of stainless steel -
316 and 304-at the concentration of 1% at 
ambient temperature. 
Potassium dichromate inhibitor has better 
protective performance with 316 than 304 
at 1% concentration in the test medium 
(sulphuric acid ± 4% sodium chloride). 
The optimum level of performance for this 
inhibitor in the test medium used, will be 
about 1% inhibitor concentration where 
the least corrosion rate (mm/yr) was 
achieved for both types 316 and 304 
stainless steel. 
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